In the present study we analyze the microwear of the species included in the lineage Armantomys aragonensis-A. tricristatus of two samples from two middle Miocene localities from the Madrid Basin (El Cañaveral and Casa Montero). The methodological part of the study compares light stereomicroscope photographs from resin casts and Environmental Scanning Electron Microscope (ESEM) photographs from original material. Furthermore two regions of the tooth crown (the most lingual part of the anteroloph, and the most lingual part of the protoloph) and two homologous regions of first and second upper molars have been analyzed. The paleoecological part includes the results of the microwear analyses of the two species included in the lineage A. aragonensis-A. tricristatus. The replacement of A. aragonensis with A. tricristatus in the Madrid Basin occurred during the Middle Miocene Climate Transition (MMCT) and is marked by a change in dental morphology. Therefore, in order to infer changes in diet associated to a shift in the environment, we checked for correlations on microwear features between the two different morphologies of the species.
Introduction
Dental microwear analysis has become an important source to infer paleodiets of many extinct organisms. Besides, the use of diets inferred from microwear as environmental proxy has allowed reconstructing environmental conditions of particular areas (Lewis et al., 2000; Hopley et al., 2006; Merceron et al., 2007a; Ungar et al., 2007; DeMiguel et al., 2011) .
Dental microwear analysis was originally developed and mainly applied to macro-mammals (e.g., Walker et al., 1978; Solounias et al., 1988; Solounias and Semprebon, 2002; Merceron et al., 2004; 2007b; Semprebon et al., 2004; Goillot et al., 2009; Peigné et al., 2009; DeMiguel et al., 2011) , and more specifically to large mammalian herbivores. The methodologies were adapted to the teeth of modern and fossil rodents, resulting in several works which consider denwhich consider dental microwear as a good indicator of paleodiets in different rodent groups (e. g., Rensberger, 1978; Lewis et al., 2000; Nelson et al., 2005; Hopley et al., 2006; Townsend and Croft, 2008; Gomes Rodrigues et al., 2009; Firmat et al., 2010) .
Despite the increase of such studies on rodents, there is only one dental microwear analysis applied to the family Gliridae (Hautier et al., 2009 ), a very important group in the European Miocene rodent faunas. The diversification of Gliridae and the occurrence of new dental morphologies began in the early Eocene and culminated in the late early Miocene. By then, they became one of the most abundant groups of rodents, probably due to an increase in niches occupied by this family (Daams and De Bruijn, 1995) . The evolution of glirids towards a simpler dental pattern arose mainly in the Iberian Peninsula during the early Miocene, being especially abundant and/or diverse in the Spanish lower and middle Miocene small-mammal assemblages (García-Paredes et al., 2009) . This is the case of the genus Armantomys De Bruijn 1966, a relatively large Gliridae endemic to the Iberian Peninsula ranging from the late Oligocene to the late middle Miocene. It is characterized by a simple asymmetrical dental pattern composed by four strongly built ridges and relatively high crowned teeth, which is a unique character among the family. Daams (1990) recognized two lineages in this genus (see García-Paredes and van den Hoek Ostende, 2007, for comments about correct publication date of species described in that paper): the Armantomys bijmai-A. daamsi-A. parsani-A. jasperi lineage, which includes the smallest species, and the Armantomys aragonensis-A. tricristatus lineage characterized by large teeth, massive ridges, and the highest degree of hypsodonty among the Gliridae. There are some differences between the two successive species, Armantomys tricristatus differs from A. aragonensis by its: larger size, more inclined ridges, lack of the anteroloph in P4, metaloph-posteroloph connection in upper molars, and completely developed and isolated mesolophid and posterolophid in m3 (Daams, 1990; García-Paredes, 2006) . Nevertheless, the particular dental morphology of both species has been interpreted as a highly specialized dentition adapted to feed on very tough and hard vegetation, which is related to an open and dry landscape (Daams and Van der Meulen, 1984) .
The present study is focused on two samples of the succes-successive species A. aragonensis-A. tricristatus from two middle Miocene localities sited in the Madrid Basin (Fig.1) . The first species, A. aragonensis, is present in the older locality (El Cañaveral, Hernández-Ballarín et al., 2010) and A. tricristatus in the younger one (Casa Montero, López-Guerrero et al., 2007) . Both localities belong to the local biozone E (middle Aragonian, middle Miocene; Van der Meulen et al., 2011 , where previous studies pointed out differences in the small-mammal assemblages between the two fossil sites (Hernández-Ballarín et al., 2010; , and might associate these changes with a context of changing environment.
We have applied a semiautomated image microwear analyses procedure to Armantomys from the Madrid Basin, in order to: 1) study the individual and assemblage variation on microwear features of this extinct genus and 2) infer the feeding habits, and assess its temporal variability along the Armantomys lineage. The present study consequently comprises two parts. The first one, mainly methodological, compares the two most used methodologies in microwear analysis (light stereomicroscope photographs from resin casts and Scanning Electron Microscope photographs from original material which, in our case, has been made in environmental mode without coating) and makes an attempt to check differences between different occlusal surfaces and dental elements. The second part includes the results of the microwear analyses of the two species included in the lineage A. aragonensis -A. tricristatus. The replacement of A. aragonensis by A.tricristatus in the Madrid Basin occurred during the Middle Miocene Climate Transition (MMCT) (Shackleton and Kennet, 1975; Zachos et al., 2001; Shevenell et al., 2004) and is marked by a change in dental morphology. Therefore, in order to infer changes in diet associated to a shift in the environment, we checked for correlations on microwear features between the two different morphologies of the species.
Materials and methods
The samples used to perform the study comprise cheek teeth of the genus Armantomys from two middle Aragonian (middle Miocene) localities (El Cañaveral and Casa Montero) sited in the Madrid Basin. Isolated molars and upper maxillas from the former and latter sites, respectively, were selected based on the good preservation of the occlusal surface. Specimens with advanced wear and unworn molars were rejected.
Microwear was measured on two areas of the occlusal surface of first and second upper molars: the most lingual part of the anteroloph, and the most lingual part of the protoloph (Fig. 2) . These areas were selected because they provided a relatively large, prominent and flat surface to study microwear features.
A square area of 0.01 mm 2 was examined using ObjectJ (software Fiji-ImageJ 1.46i). Six microwear features were quantified: number of wide scratches (Nws), number of fine scratches (Nfs), number of large pits (Nlp), number of small pits (Nsp), and length and orientation of the scratches. Pits were differentiated from scratches on the basis of a width/ length ratio higher than 1/4 (Grine, 1986) . Distinction between wide and fine features was settled at a maximum width of 5 µm (Gomes Rodrigues et al., 2009) . Features whose margins have been truncated by the edge of the square were also measured, avoiding possible biases when length and orientation of the scratches is taken into account. To avoid inter-observer errors only one observer has examined the photographs.
For the first part of the study, 13 photographs from Casa Montero (representing two different areas and two dental elerepresenting two different areas and two dental elements of four maxillas) and six photographs from El Cañav-eral (representing three isolated teeth) were selected (see table 1 for details). "Ebalta" polyurethane resin casts were made following the protocol developed by Merceron et al. (2004; and adapted for small-mammals by Gomes Rodrigues et al. (2009) . Low magnification light microscope photographs were taken with a Spot CCD camera (DFC 420, at a resolution of 2592x1944 pixels) connected to a light stereomicroscope (Leica M 165C), set at 100x. Besides, photographs of the original teeth were taken in the same areas with an Environmental Scanning Electron Microscope (ESEM) Fei, model Quanta 200, with backscattered electron detector. In order to have ESEM photographs of similar pixel size than those of the light stereomicroscope, an image resolution of 2048x1886 pixels and a 200x magnification were selected (Fig. 3a, b) .
Firstly, a comparison between photographs obtained from resin casts and from original teeth was done, in order to test whether both methodologies show comparable results. Nws, Nfs, Nlp and Nsp were analyzed. The ESEM photographs were selected for the following analysis. Two regions of the tooth crown (the most lingual part of the anteroloph, and the most lingual part of the protoloph) in first and second upper molars ( Fig. 2 ) were compared to test whether there are significant differences in the microwear pattern between the two areas of the same molar. Furthermore, a comparison between homologous regions of both molars was carried out.
For the paleoecological part of the study, high magnification photographs (image resolution of 2048x1886 pixels and a 700x magnification) of the original teeth from the two lo-) of the original teeth from the two localities were taken with an ESEM Fei, model Quanta 200, with backscattered electron detector (Fig. 3c, d ). Ten photo-. Ten photoTen photographs of each species (A. aragonensis and A. tricristatus), representing anterolophs and protolophs of first and second upper molars, from seven different specimens of each fossil site were selected. The variables Nws, Nfs, Nlp, Nsp, length and orientation of the scratches were analyzed. These comThese comparisons have allowed to test if there are differences in the microwear patterns between both assemblages.
Univariate and multivariate statistical analyses were carried out with SPSS v. 11.5.1 (SPSS, 2002) and Past v. 2.14 (Hammer et al., 2001) . Paired statistical analysis (Paired T-student and Wilcoxon tests) and Two-group permutation were applied for the comparison between ESEM and cast; anteroloph and protoloph; homologous areas of M1 and M2; and comparison of the length of the scratches between low and high magnification. For the paleoecological analyses, univariate statistical analyses (T-student and Mann-Whitney) and MANOVA were performed. For this purpose, univariate analyses were carried out to analyze the variables (Nws, Nfs, Nlp, Nsp) independently. Shapiro-Wilk tests were applied to assess whether the variables are normally distributed. The variables Nws, Nlp and Nsp do not fit to a normal distribution. Paired T-Student analyses (for normal distribution variables) and Wilcoxon test (non-normal distribution variables) were fulfilled to test significant differences between both methodologies. None of them showed significant values (table 3), except Nsp (p= 0.0002).
Multivariate analyses were applied to test for significant differences between ESEM and light stereomicroscope considering the variables all together (Nfs, Nws, Nlp and Nsp). Two-group permutation tests were carried out, after checking that the assumption of multivariate normal distribution is not satisfied. In this case, statistical analyses show significant differences (p= 0.0005) between both methods (Table  3 ). Several authors concluded that small pits (Nsp) were difficult to photograph under light stereromicroscope because of its high refractivity or the low resolution of the images (Nelson et al., 2005; Mihlbachler et al., 2012) ; other authors indicate that no direct relation between small pits and diet existed in rodents (Townsend and Croft, 2008; Gomes RodTownsend and Croft, 2008; Gomes RodGomes Rodrigues et al., 2009; Firmat et al., 2010) . Furthermore, small pits in ESEM photographs might be underestimated because of their low contrast (see Fig. 3 ). The significant differences obtained on the multivariate test could be due to methodological limitations of both techniques. Therefore, following previous authors that removed this variable from their analysis, we have repeated the multivariate analysis excluding Nsp and the results indicate non-significant values (p=0.60) for the remaining variables (Nfs, Nws, and Nlp) ( Table 3 ). The obtained results pointed out that there are no differences between these two methodologies of microwear analysis. Nevertheless, when comparing results with ESEM techniques, we detected between 48% and 80% more fine features (Nfs and Nsp) on ESEM photographs taken at high magnification than on those taken at low magnification (Table 1 and Table  2 ). In addition, the analyses showed significant differences in the fine scratches length between the two magnifications, being shorter at high magnification (see Tables 1 and 2 ). This could be explained because at low magnification the smallest scratches are not recognized, and therefore the average is biased towards larger sizes.
Anteroloph versus protoloph and M1 versus M2 (homologous regions)
The second methodological goal of this study was to test for significant differences on microwear between two regions in the same dental element and between two homologous areas of M1 and M2 of the glirid Armantomys.
As explained above, univariate methods were performed to analyze the variables (Nws, Nfs, Nlp, Nsp) independentNws, Nfs, Nlp, Nsp) independent-independently. Shapiro-Wilk tests were applied to evaluate whether the
Results and discussion
The descriptive statistics are shown in table 1 and table 2,  and the statistical analyses in table 3 .
ESEM-Original teeth versus Light StereomicroscopyResin casts
Studies of microwear, both in large as in small mammals, are mainly based in resin casts made from original teeth (Strait, 1993; Merceron et al., 2004; Scott et al., 2005; 2006; Gomes Rodrigues et al., 2009) ; whereas works directly based on original enamel are scarce (Walker et al., 1978; Rensberger, 1978; Lewis et al., 2000; Rivals and Deniaux, 2003; . This difference is due to: first, specimen size limitations of ESEM, usually less than 50 mm; second, availability of ESEM installations; and third, the requirement of coating each specimen in "classical SEM" studies, which is expensive. Therefore it became necessary to cast the original teeth in order to analyse them with light microscope. One of the aims of the present study is to test for differences in the results on microwear obtained with casts (analyzed under light stereomicroscopy) and original teeth (analyzed with ESEM) at similar image resolution (at similar pixel size). variables are normally distributed. Only Nws does not fit a normal distribution. Paired T-Student analyses (for variables with normal distribution) and Wilcoxon tests (for Nws) were performed to assess significant differences between microwear features on the lingual border of the anteroloph and the lingual border of the protoloph; and between the two homologous regions in the M1 and M2. All analyzed variables show non-significant differences between neither areas nor dental elements. For multivariate analyses Two-group permutation tests were applied resulting in non-significant differences (Table 3) . Gordon (1982) demonstrated that facet type and molar po- Gordon (1982) demonstrated that facet type and molar position are two of the most remarkable factors affecting variability in microwear pattern. Thus, he pointed out that mixing of functionally different facets increases the microwear variability because of biomechanical gradients along the tooth row. Contrary to Gordon, we have shown that both areas and both dental elements registered the same microwear pattern in Armantomys, suggesting that M1 and M2 entail the same biomechanical performance during the chewing. Furthermore, the use of either of the two elements or either of the two regions of the tooth allows us to increase sample size and to avoid biases caused by element misidentifications.
Paleoecological analyses
The microwear patterns of Armantomys from the localities studied here are characterized by high number of small rodents were firstly interpreted by several authors as associated to abrasive diets dominated by grass (Kay and Madden, 1997; Vianey-Liaud, 1991; Williams and Kay, 2001) . Nevertheless, other authors suggest that a hypsodont dentition does not necessarily restrict an animal to abrasive food, but provides wider dietary niches allowing for a more generalized diet (Jernvall and Fortelius, 2002; Feranec, 2003; Hopley et al., 2006) . This more generalized diet of Armantomys based on the hypsodonty might be also supported by the fact that the high proportions of small pits could be correlated to the ingestion of soft seeds (Gliwicz, 1987; Gomes Rodrigues et al., 2009) . Other authors (Solounias and Semprebon, 2002; Semprebon and Rivals, 2010) related, in ungulates, the heavy pitting with dry habitats where dust and grit are normally coating the vegetation. Nevertheless, this correlation has not been checked in other small mammal groups like rodents. Bepits and fine scratches. According to Gomes Rodrigues et al. (2009) the high amount of the latter indicates an ingestion of large volume of grass, where the hard items would be responsible for these features. Furthermore, they added that species presenting high number of fine scratches occupy open areas as grasslands, where dust is abundant. Other studies also suggested that exogenous particles as dust, are also responsible for the large number of parallel striations, being not exclusively attributed to phytholiths alone (Gordon, 1982; Kay and Covert, 1983; Teaford, 1988; Ungar et al., 1995; Sanson et al., 2007) . The dentition of the lineage Armantomys aragonensis-A. tricristatus has been interpreted as an adaptation to feed on very tough and hard vegetation available in open and dry landscapes (Daams and Van der Meulen, 1984) compatible with the idea that both dust and phytoliths from grass would be responsible for fine scratches. Hypsodont teeth in sides, according to the number of large pits, the consumption of insects cannot be rejected (Strait, 1993; Gomes Rodrigues et al., 2009) . Therefore, our results might indicate a lessspecialized herbivore diet for Armantomys than previously thought. A comparative analysis between the two species of dormouse from the Madrid Basin has been carried out in order to determine whether the microwear pattern of Armantomys varies through time. To perform this analysis we chose ESEM photographs at high magnification based on, firstly, the use of original material avoiding possible biases that might occur during casting, and secondly, the use of high magnification leads to better recognition of small microwear structures.
The univariate analyses indicated that Nfs, Nlp and Nsp are normally distributed variables, whereas Nws does not. Thus, a T-student test was applied to the first three variables and a Mann-Whitney test to the latter one. As for multivariate analyses a One-way MANOVA was applied. Neither the univariate nor the multivariate reveals significant differences (Table 3 ). These results indicate that there are non-significant differences on number of microwear features that could be correlated to the replacement of the species.
According to several authors microwear features can vary within a species, within a population or even along the life of the animal because of geographical and seasonal variations in diet (Walker et al., 1978) . Further studies proved that microwear features are created and obliterated within 24 hours, in such wise that pits and scratches analyzed reflect mainly the most recent food items consumed (Teaford and Oyen, 1989) . Based on those studies, the relatively low variation on microwear patterns observed on the Armantomys species (showing a high proportion of fine scratches and pits) may be interpreted as an indication that Armantomys had a diet of low seasonality.
Conclusions
The present study demonstrates that low-magnification ESEM photographs from original teeth and resin casts analyzed with light stereomicroscope reveal similar values on microwear analyses in the glirid Armantomys. Despite both methodologies show comparable results, we preferred ESEM high-resolution photographs for paleoecological comparisons. Our results indicated that both dental elements (first and second upper molars), and both regions of the tooth crown (the most lingual part of the anteroloph, and the most lingual part of the protoloph) showed the same microwear patterns. The paleoecological study performed indicates that Armantomys might have a less-specialized herbivore diet than previously thought (grass, soft seeds, insects…) and probably without seasonal variation. It also allows us to conclude that there are non-significant differences in microwear between the two species of Armantomys included in the study. That points out that there are no dietary changes associated to the substitution of the species included in the lineage Armantomys aragonensis-A. tricristatus.
